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Abstract 
Thai industry sector is the second highest CO2 emitting end-use sector and contributes approximately 30% to the 
national income of Thailand. The total CO2 emission from end use sectors in 2010 was 119 Mton-CO2 and 
approximately 38% constituted industrial sector emissions. With the CO2 emissions ballooning in the developing 
world, the pertinence of Low Carbon Scenario (LCS) and their co-benefits has increased. This research quantitatively 
analyses the CO2 mitigation in the Thai industrial sector through counter-measures in LCS scenarios. Results show 
that with an ambitious LCS pathway predicted in LCS1 scenario, a cumulative mitigation of 34% from 2010 to 2050 
is possible, whilst approximately 24% is possible from a circumspect approach, as in LCS2 scenario. Both the 
designed scenarios have positive impacts on energy security, where they increase the diversity of the system and 
increase the renewable fuel share and reduce the oil share. These scenarios also contribute to the mitigation of local 
air pollutants as well. 
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1. Introduction 
The impact of environmental concerns in a country’s economic development is among the forefront of 
concerns for policy makers at current times. In addition to this, energy is the engine that drives a 
country’s economic competence. These two premises give rise to the concept of Low Carbon Society 
(LCS) where LCS is a concept that refers to an economy which has a minimal output of greenhouse gas 
(GHG) emissions into the biosphere and specifically refers to the GHG of CO2 [1]. The LCS vision has 
been analysed in extensive works presented in [2, 3], whereby LCS for future years have been analysed 
for Japan and UK. There have been other works which have analysed LCS scenarios for developing 
countries as well, such as [1] for Thailand and [4] for Nepal.  
Most LCS reports focus on the energy sector of a country, since the majority of CO2 emissions are a 
result of combustion of energy sources. This is true for both developing and developed countries [5, 6]. In 
this regard, the energy sector becomes very important for LCS analysis and implementation. 
The industrial sector of Thailand is a vibrant and robust sector which brings in considerable foreign 
exchange and contributes to the economic well-being of Thailand. At the same time it also contributed to 
almost 37% of the CO2 emissions from energy end-use sectors, in 2010.  Likewise, the industrial sector 
consumed 20% of the total final energy among the end-use sectors in 2010. Even though the energy 
intensity and carbon emission intensity of the industrial sector has improved since 2005, from 0.445 
kgoe/USD to 0.311 kgoe/USD in 2010 and from 0.855 kg-CO2/USD to 0.547 kg-CO2/USD in 2010 
(author’s own calculations) the propensity of decline is not as rapid as expected by environmentalists and 
policy makers. Yet, the industrial sector of Thailand has much room for improvement in terms of 
technological advances and LCS counter-measures, which are measures and are adopted in the respective 
sector to counter or reduce the emissions of CO2. 
The objective of this paper is to explore alternative LCS scenarios which are possible in the industrial 
sector of Thailand and quantify the mitigation of CO2 possible along the narrative storylines presented by 
the two selected LCS scenarios. This paper will also analyse the co-benefits ensuing in the two LCS 
scenarios. The co-benefits are analysed along two main themes which are energy security and local air 
pollution mitigation. Energy security will be analysed with the help of three indicators which are 
diversification of primary energy demand (DOPED), oil share (OS) and renewable fuel share (RFS) [7]. 
The local air pollution mitigation is presented as the mitigation of SO2, NOx and Particulate Matter (PM). 
These two co-benefits have been adopted from [8]. 
2. Methodology 
This section presents the methodology adopted in this research study. The industrial sector of Thailand 
is divided into nine sub-sectors based on the classification of Office of Industrial Economics of Thailand 
[9]. These nine sub-sectors are food and beverage sub-sector, textiles sub-sector, wood and furniture sub-
sector, paper and pulp sub-sector, chemical sub-sector, non-metallic sub-sector, basic metal sub-sector, 
fabricated metal sub-sector and other miscellaneous sub-sector. The following sub-sections provide the 
modeling details and the basic assumptions underpinning the results.  
2.1 Modelling details 
In this study, the Thai industrial sector has been modeled using Asia Pacific Integrated Model (AIM) 
Enduse. AIM Enduse is a bottom-up optimization model with detailed technology selection framework 
within a country’s energy-economy-environment system. The technologies in the AIM Enduse model are 
selected in a linear optimization framework where system cost is minimized under several constraints 
such as satisfaction of service demand, availability of energy and material supplies and other system 
constraints. System costs include fixed costs, operating costs of technologies, energy costs, taxes and 
subsidies [10]. The structure of AIM Enduse is given in Fig. 1.  
262   S. Selvakkumaran et al. /  Energy Procedia  52 ( 2014 )  260 – 270 
 
 Energy source Energy technology Energy service
Coal
Oil
LPG
NG
Biomass
Electricity
Heaters
Light
Coolers
Motors
Others
Heating
Cooling
Lighting
Traction
Others
 
 
Fig. 1.  Structure of the AIM/Enduse model. 
Data Assumptions 
As explained prior, the objective of this research study is to quantitatively assess the CO2 mitigation 
potential due to the counter-measures proposed in the LCS scenarios. Thus, the first step is to determine 
the future service demand of the industrial sector. Multi-variable regression model analysis is used to 
determine the future energy consumption for each sub-sector. The past value added for each industrial 
sub-sector and the population of Thailand, for the years 1990-2010 [11, 12] are used as known variables 
in the regression analysis, where the energy consumed is the dependent variable. The GDP for the time 
period of 2011-2030 is calculated according to the forecast presented in [13]. The average annual growth 
rate for the time period of 2011-2030 for GDP is 3.9%, and the same for 2031-2050 is 2.5%. These have 
been obtained from [11]. The computed values are given in Table1. 
 
Table 1.  Energy Consumption in the industrial sub-sectors in selected years 
 
Energy consumption (ktoe) 
Sub sectors 2010 2015 2020 2025 2030 2035 2040 2045 2050 
FBV 7,222 9,854 11,645 12,742 13,246 13,634 13,714 13,513 13,305 
TXT 783 2,187 2,809 3,513 4,324 4,903 5,551 6,222 6,899 
WOD 231 601 752 880 988 1,292 1,439 1,569 1,684 
PAP 386 2,618 3,881 5,223 6,610 6,992 8,162 9,257 10,210 
CHM 4,037 4,843 6,558 8,236 9,853 10,584 11,697 12,662 13,477 
NML 7,787 12,060 16,526 20,874 25,013 29,662 33,297 36,540 39,368 
BML 1,503 1,745 2,351 2,947 3,525 4,676 5,357 6,000 6,596 
FML 1,503 2,701 3,493 4,195 4,801 4,918 5,282 5,548 5,724 
OTH 1,829 2,235 2,460 2,543 2,522 2,973 2,857 2,685 2,476 
Total 25,281 38,844 50,474 61,154 70,882 79,635 87,356 93,997 99,739 
 
The emission factors of energy fuels are given in Table 2. The emission factors have been obtained 
from [14] and the emission factor for electricity has been computed from author’s calculation from energy 
data obtained from [15]. Likewise, the energy prices utilized in this research study are given in Table 3. 
The past energy prices have been taken from [15] whilst the future prices have been estimated using the 
escalation rates provided in [16].  The local air pollution emission factors of the fuels used in the industry 
are given in Table 4. They have been obtained from [17]. The air pollutant mitigation is computed by two 
aspects in the LCS scenarios. One is through the avoidance of use of energy fuels and the other is the 
reduction of such emissions achieved by the use of advanced technologies in the industrial sector. It is 
assumed that advanced technologies emit only 50% of the pollutants as existing emission factors given in 
Table 4. 
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Table 2.  Emission factors assigned to fuels used in the industrial sector 
 
Fuel Emission Factor – t-CO2/toe 
Coal 3.94 
Oil 3.22 
LPG 2.60 
Natural Gas 2.33 
Electricity 6.70 
 
Table  3.  Energy prices of the energy fuels used in the modeling study 
 
Fuel 
Price – ‘000 USD/toe 
2005 2010 2030 2050 
Electricity 0.7355 1.0900 1.3300 1.6229 
Coal 0.0071 0.1160 0.1532 0.2023 
Oil 0.3674 0.6363 1.0027 1.5800 
LPG 0.2381 0.2671 0.4209 0.7198 
Natural Gas 0.1713 0.3390 0.4940 0.6633 
Biomass 0.0427 0.0762 0.1376 0.2486 
 
Table 4.  Air pollutant emission factors 
 
Fuel SO2 NOx Particulate Matter (PM) 
Coal (g/toe) 60.9 26.4 48.1 
Oil (kg/toe) 2.2 5.1 1.1 
LPG (kg/toe) - 2.7 0.1 
NGS (g/toe) 11.2 3,784.1 141.4 
 
Scenario Description 
This research study eschews a BAU scenario followed by two specific LCS scenarios. The BAU 
scenario is designed as a frozen efficiency scenario where the existing devices are pronounced to provide 
all the energy service needs. In turn, the energy service needs of the industry are categorized as heating 
needs, which are provided the fuels of coal, oil, Liquid Petroleum Gas (LPG), Natural Gas and biomass, 
and electricity service needs which are divided into lighting, motors, cooling and others. The proposed 
LCS scenarios have various counter-measures (CM). These CMs are higher efficiency devices (CM1), 
new and advanced technologies (CM2), Carbon Capture and Storage (CCS) in combustion units, 
Combined Heat and Power (CHP) units, and new 2nd or 3rd generation biofuels  (New Biomass) [18] for 
combustion and heat. These technology CMs have been gleaned from [19, 20] and CCS data has been 
gathered from [21]. The device details and the input and output data setting which is normally utilized in 
AIM Enduse are given in Table 5. It can be seen that with the option of CCS in heating, the device 
efficiency goes down from 1 toe output of service, for 1 input of fuel to 0.9 toe of service output for every 
1 toe of input. The caveat should be mentioned that these values do not indicate the thermodynamic 
efficiency of the device, but rather the technique associated with the modelling of technological devices 
used specifically in the AIM Enduse. 
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Table 5. Technology details of AIM Enduse industrial model 
 
Technology Output 1 (toe) Output 2 (toe) Input (toe) 
Existing 1.00 - 1.00 
CM1 1.00 - 0.90 
CM2 1.00 - 0.82 
CHP 1.00 0.20 0.90 
New Biomass  1.00 - 0.70 
Non CCS Heating 1.00 - 1.00 
CCS Heating 0.90 - 1.00 
 
The two LCS scenarios, named LCS1 and LCS2 differ in the share settings of their respective 
scenarios. LCS1 scenario is an ambitious scenario with aggressive adaptation of CMs eschewed, whilst 
LCS2 scenario is a more circumspect and pragmatic approach to low carbon development. The share 
settings of LCS1 and LCS2 scenarios are given in Table 6 and Table 7, respectively. It can be seen that in 
LCS1 scenario there is the possibility of 100% selection of CM1, CM2 and CHP while in LCS2 it is 
limited to 80%, in 2050. Also, the rate of adaptation of CCS is also limited to a maximum of 20% in 
LCS2 scenario, whilst 70% is allowed in the LCS1 scenario. Also, the non-carbon based heating is also 
limited to 25% in LCS2 whilst fuel switching can enable a maximum of 50% to be contributed by 
biomass and new biofuels in the LCS1 scenario, in 2050. 
 
Table 6.  Penetration rates of CMs in LCS1 scenario 
 
LCS1 
2010 2030 2040 2050 
Max Min Max Min Max Min Max Min 
Ext 100% 0% 40% 0% 20% 0% 0% 0% 
CM1 0% 0% 100% 10% 100% 10% 100% 10% 
CM2 0% 0% 40% 10% 80% 10% 100% 10% 
CHP 0% 0% 40% 10% 80% 10% 100% 10% 
Non CCS Option 100% 0% 80% 0% 50% 0% 30% 0% 
CCS Option 0% 0% 30% 0% 50% 0% 70% 0% 
New Biomass  0% 0% 40% 10% 80% 10% 100% 10% 
Carbon Heating 100% 0% 70% 0% 70% 0% 70% 0% 
Non carbon heating 0% 0% 30% 0% 40% 0% 50% 0% 
 
Table 7. Penetration rates of CMs in LCS2 scenario 
 
LCS2 
2010 2030 2040 2050 
Max Min Max Min Max Min Max Min 
Ext 100% 0% 40% 0% 20% 0% 0% 0% 
CM1 0% 0% 100% 10% 100% 10% 100% 10% 
CM2 0% 0% 40% 10% 60% 10% 80% 10% 
CHP 0% 0% 40% 10% 60% 10% 80% 10% 
Non CCS Option 100% 0% 90% 0% 85% 0% 80% 0% 
CCS Option 0% 0% 10% 0% 15% 0% 20% 0% 
New Biomass  0% 0% 100% 10% 100% 10% 100% 10% 
Carbon Heating 100% 0% 85% 0% 80% 0% 80% 0% 
Non carbon heating 0% 0% 15% 0% 20% 0% 25% 0% 
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3. Results 
This section presents the results of this research study in terms of the energy consumption, CO2 
emissions and the co-benefits of both BAU and LCS scenarios. 
3.1 Energy consumption and CO2 emissions 
The energy consumption for the three scenarios for selected years is given in Fig. 2. As it is to be 
expected, as the years progress both LCS1 and LCS2 scenario show a decrease in energy consumption in 
comparison to the BAU scenario. The reason for this is the adoption of CM1 and CM2 measures along 
with the other counter-measures which results in an over-all reduction of energy consumption. But, it 
should be noted that LCS2 scenario has slightly lower energy consumption in comparison to LCS1 
scenario because the extensive selection of CCS reduces the overall device efficiency.   
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Fig. 2.  Energy consumption in selected years. 
 
Fig. 3 gives the CO2 emissions of all scenarios in selected years and it can be seen that both LCS1 and 
LCS2 scenarios show significant reduction in CO2 emissions in comparison to the BAU scenario. Also, 
LCS1 shows almost stable emissions from 2040 to 2050, suggesting that with a vigorous adoption of 
CMs, it is possible for a developing country like Thailand to achieve stable levels of CO2 emissions. This 
also implies that there is a decoupling effect of CO2 emissions from energy consumption or economic 
growth, which is the ultimate aim of all countries. Table VIII gives the cumulative mitigation in absolute 
and percentage values and the 2050 reduction in absolute and percentage values, of LCS1 and LCS2 
scenarios in comparison to the BAU scenario. 
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Fig. 3.  The CO2 emissions in selected years. 
 
Table 8. Reduction potential of emissions  
 
Scenarios 
Emissions - CO2 Emissions - CO2 
Cumulative 
mitigation 
(Mtons) 
Cumulative 
mitigation 
percentage (%) 
Mitigation in 2050 
(Mtons) 
Mitigation in 
2050 (%) 
LCS1 3,551.70 33.9% 195.9 51.8% 
LCS2 2,534.46 24.2% 130.7 34.6% 
 
The results in Table 8 show that there is a significant reduction potential in both LCS scenarios and 
more so in LCS1 scenario. Out of the two scenarios, whilst the LCS1 scenario is more idealistic and 
ambitious, the LCS2 scenario is more circumspect and seems realistic and presents a credible pathway to 
achieve sustainability without compromising on economic development in the industrial sector of 
Thailand.  
The fuel shares of the respective scenarios are presented in Fig. 4. The results thus presented reinforce 
the results of CO2 emissions. In LCS1 scenario, there is drastic reduction of consumption of coal, and a 
significant increase in the consumption of biomass and new biomass. There is also the selection of CHP, 
which reduces the demand on grid electricity. LCS2, whilst showing some similarity with LCS1, also 
shows reduction of coal. But, the selection of biomass or new biomass is not as significant as LCS1. 
Rather, NG sees a higher consumption in LCS2. Both LCS1 and LCS2 have the selection of CHP options 
in their fuel-mix, which further reduces the need for grid-electricity, which has a higher emission factor, 
since the average emission factor of Thailand for the power sector is quite high. (Table 2). 
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Fig. 4.  Fuel mix in all scenarios in selected years. 
3.2 Co-benefits 
This section presents the co-benefits of the LCS scenarios with respect to energy security and local air 
pollution mitigation. 
Energy Security 
This sub-section gives the results of the three indicators which are chosen to indicate energy security in 
the industrial sector of Thailand. The DOPED of the industrial sector for the years 2010 and 2050 for the 
three scenarios are given in Fig. 5. The diversity of energy supply is used to energy security in the 
premise that the more diverse the supply is more, more robust the system is against supply shortages. 
Thus from Fig. 5 it can be seen that the LCS scenarios increase the DOPED index, from 2010 to 2050 and 
this in turn implies that the energy security of the industrial sector is enhanced due to LCS scenarios. 
Another significant factor is that the LCS2 scenario exhibits a slightly higher DOPED index than LCS1 
scenario. This is because of the uniformity of selection of fuel shares in the LCS2 scenario in 2050. 
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Fig. 5.  The DOPED of all scenarios in selected years 
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Also, it should be noted that in the BAU scenario, there is actually a decrement in DOPED, which 
implies that if left as it is, the energy security of the industrial sector would reduce gradually. 
Table 9 presents the Oil Share (OS) of all scenarios in selected years. The OS is utilized to represent 
the oil dependence of an energy system, since oil is a highly volatile commodity. The over-dependence on 
oil is deemed to be highly energy insecure. Hence it can be seen that in both LCS1 and LCS2 scenarios, 
the OS percentage is significantly lower than in the BAU scenario. Even though the percentage points 
might seem insignificant, in terms of the foreign exchange it saves, this is very significant.  
 
Table 9. Oil share of scenarios 
 
Oil Share (%) 
BAU LCS1 LCS2 
2010 10.3% 10.3% 10.3% 
2020 10.2% 9.1% 9.3% 
2030 9.9% 8.0% 8.7% 
2040 9.8% 7.0% 8.2% 
2050 9.7% 6.2% 7.8% 
 
Likewise, the Renewable Fuel Share (RFS) for the scenarios for selected years are given in Table 10. It 
can be seen that both the LCS scenarios have a significant increase in the RFS indicator, implying that the 
industrial energy system becomes more sustainable, as the share of renewable fuels are higher. In the case 
of LCS1 scenario, by 2050, almost 40% of the energy would be supplied by renewable fuels, implying 
biomass or newer biomass fuels. In LCS2 scenario, which is a more circumspect scenario, the RFS 
decreases to 24%, yet is higher than the BAU scenario. 
 
Table 10. Renewable fuel share of scenarios 
 
Renewable fuel share (%) 
BAU LCS1 LCS2 
2010 27.5% 27.5% 27.5% 
2020 23.4% 28.9% 27.3% 
2030 20.4% 31.3% 25.0% 
2040 18.4% 34.2% 23.7% 
2050 16.8% 38.8% 22.2% 
 
Local air pollutant mitigation 
This section outlines the cumulative mitigation in local air pollutants which results in the LCS 
scenarios in comparison to the BAU scenario. Table 11 gives the mitigation thus arrived at. In the case of 
SO2 and PM, there is clear mitigation in the LCS scenarios, which results because the radical reduction of 
the use of coal and oil in the industrial sector. This is a very significant co-benefit, which needs to be 
taken into account when the financial cost of implementing LCS pathways are considered by the relevant 
policy-makers of Thailand. There is slight increase of NOx in the LCS2 scenario and a significant increase 
of the same in the LCS2 scenario which is because of the increase of the use of LPG burners and 
combustors. This needs to be considered when LPG is promoted to be used in industries. One way to 
overcome the problem is to use de-noxifiers or low-NOx burners. 
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Table 11. Cumulative local air pollutant mitigation in LCS scenarios 
 
Mitigation (tons) 
Scenarios SO2 NOx PM 
LCS1 260.4 -97.8 2,003.5 
LCS2 237.6 -552.9 1,976.4 
 
This sub-section has provided the cumulative co-benefits which accrue to the Thai industrial sector as 
a result of the LCS scenarios which have been outlined in this paper. Overall, results show there is a 
positive impact on energy security and local air pollution mitigation, except in the case of NOx emissions, 
which sees a slight increase. This increase in NOx may be overcome by de-noxifiers being used in the 
LPG burners. 
4. Conclusion 
This paper presented two narrative scenarios of LCS; LCS1 which is a very idealistic and ambitious 
LCS scenario and LCS2, which is a more circumspect and realistic LCS scenario, with coherent and 
relevant CMs, such as higher efficiency devices, new technological devices, CHP, and 2nd generation 
biofuels. This paper quantitatively analysed the CO2 mitigation and the impact of these two scenarios, in 
relation to the BAU scenario, which is presumed to be a status quo maintaining, frozen efficiency 
scenario. The LCS1 scenario provides a cumulative mitigation of approximately 34% from 2010 to 2050, 
whilst the LCS2 scenario provides a cumulative mitigation of 24%. Both scenarios provide higher energy 
security in the industrial sector whilst also reducing the emission of local air pollutants. These results 
show the salience of implementing LCS pathways in the Thai industrial sector and make a case in 
investing in such measures to build a sustainable and carbon decoupled society. 
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